The CLEO Collaboration recently has announced the discovery of an excited charmed and strange baryon. We estimate the expected width of this new member of the Ξ c family. We discuss the phenomenology of the excited csq and css states, and consider what additional charmed baryons might be observable in the future. We point out that the final state Ξ c K could be an interesting new channel to examine.
The CLEO Collaboration recently has announced the discovery of a new excited charmed and strange baryon [1] . In this letter we discuss the phenomenology of the excited charmed and strange baryons, and estimate the expected width of such a state. We will also explore whether, and where, it would be fruitful to look for additional excited charmed baryons.
The heavy quark limit, in which m c , m b → ∞, has proven an excellent guide to charmed and bottom hadron spectroscopy and strong decays [2] [3] [4] [5] [6] [7] [8] . In this limit, the spin and parity quantum numbers of the light degrees of freedom in the hadron are conserved, and it is convenient to use them to enumerate the spectrum of states. In addition, strong decays of excited heavy baryons are transitions solely of the light degrees of freedom, so selection rules for these decays are easily derived in terms of the light quantum numbers. The spin of the heavy quark is then added to derive rules for physical states. For light degrees of freedom with spin J ℓ > 0, there exists a doublet of heavy hadrons of total spin J =
. The two states in each doublet are nearly degenerate, their masses split only by a chromomagnetic interaction, which scales as Λ 2 QCD /m c . Heavy quark symmetry then relates the decay properties of the two members of each doublet.
The lowest lying charmed baryons are listed in Table I, along with their observed masses and postulated quantum numbers. The separate spin s ℓ and orbital angular momentum L ℓ of the light degrees of freedom are not well defined, and we include them simply for guidance from the quark model. In the last column is the dominant decay mode of the state with those quantum numbers, if kinematically allowed. The emission of π's by excited baryons is constrained by both the J P and the J 
The heavy quark and light flavor symmetries relate the strong decays of the Λ c1 and Ξ c1
states. Cho has developed a formalism, based on Heavy Hadron Chiral Perturbation Theory, for making these relations explicit, and we refer the reader to his paper for details [13] . (See also the analysis of Pirjol and Yan [14] .) The result is that there is a single interaction in the Lagrangian which couples the J 
MeV is the π decay constant. The interaction term is
where v µ is the four velocity of the heavy baryons and h 2 is an unknown coupling constant.
This interaction is responsible for the decay Λ c1 ( ) + occurs very close to threshold, it is important to treat the phase space exactly in each channel.
The partial decay width in a given channel due to the interaction (1) is given by
where C is a group theory factor which depends on the flavor of the hadrons. For the decay
) + → Σπ, using the masses in Table I , we find the partial widths
where the errors are estimated from the uncertainty in the masses of the states. For each of these decays, C = 1. Assuming that the width of the Λ c1 (
) + is saturated by these channels, and using the measured value Γ(Λ c1 (
, we extract h 2 2 = 0.30
−0.14 . Given the large errors in the measured width, the neglect of other decay channels is not likely to be important in the determination of h We may then use this result and SU(3) flavor symmetry to predict the width of the Ξ c1 ( , while
. Hence we find
The branching ratios to Ξ * 0 c π + and Ξ * + c π 0 are predicted to be 65% and 35%, respectively.
Assuming that these two channels saturate the decay rate, the width is then
The uncertainty in this result is dominated by the experimental error in Γ(Λ c1 (
) + ). Corrections due to SU(3) breaking are unlikely to be larger than these already substantial uncertainties. We see that the Ξ c1 (
) is expected to be quite narrow, despite decaying via S-wave π emission. The predicted width (5) ).
By now, most of the low lying charmed baryons listed in Table I have been discovered. Only a few more states are needed to complete the task. The isospin partner of the
) + should not prove much more difficult to find, since it has a decay into charged pions,
However, the other member of the heavy doublet, the Ξ c1 ( It is hard to estimate the widths of these excited states with any precision, both because their strong decays proceed via nonperturbative interactions and because their masses, and hence the available phase space, are not known. The best that we can do is to note that the decays will be mediated by operators analogous to Eq. (1), with new coupling constants of order one replacing h 2 . We can then expand the width for E π ≈ m π , since to be visible a new state would have to be fairly close to threshold for decay via π emission. For Swave decays, we can scale directly from Eq. (2), while for P -wave decays we make the
constants of order one, we find that near threshold,
P −wave :
These expressions should be taken only as rough guesses intended to provide guidance as to the mass range which would make a new state narrow enough to be observable.
Let us denote the "radial" excitations by Λ * * c and Ξ * * c . If their mass is large enough, they will decay in the channels Λ * * c → Σ c π and Ξ * * c → Ξ ′ c π, where the π is emitted in a P -wave.
According to Eq. (6b), these states will be broad, unless they are fairly close to threshold for π emission. If they are lighter than this, then the Λ * * c and Ξ * * c will decay radiatively or via ππ to Λ c and Ξ c , in which case they will be narrow. Since there is no firm theoretical prediction for the masses of the Λ * * c and Ξ * * c , it is worth searching for them in these channels, in the hope that they will be fairly light. However, the Σ c π channel is already well studied in this mass range, which may bode ill for future discoveries, and states which decay to Ξ The Σ c0 baryon can decay in the channel Λ c π, where the π is emitted in an S-wave.
From Eq. (6a) we see that unless it is very light, this state is likely to be too broad to be observable. The Σ c1 doublet has the same quantum numbers as the observed Λ c1 states, and will decay according to the same pattern, namely to Λ c ππ, resonating through Σ ( * ) c 3 The properties of these excitations are also discussed in Ref. [14] . The Ω ci states decay somewhat differently, because of the absence of light quarks. If they are too light, they can decay only radiatively to Ω ( * ) c and will be very hard to find. If its mass is greater than 2960 MeV, the Ω c0 will decay to the final state Ξ c K. The Ω c1 cannot decay to Ξ c K because of parity; instead, it will go to Ω c ππ if M(Ω c1 ) > 2972 MeV, and to
MeV. The best hope for seeing this state is if Ω c1 → Ω c ππ is the only strong decay allowed. The Ω c2 will decay to Ξ c K if possible, with the K in a D-wave. As above, the J P = 3 2 − member of this doublet might be broadened by 1/m c effects.
Since a mass in the vicinity of M(Ξ c ) + M(K) ≈ 2960 MeV is quite possible for the Ω * ci states, the decay channel Ξ c K could be a promising place to look. For S-wave decays, an estimate similar to Eq. (6a) applies, but the growth of Γ away from threshold is much faster for a K in the final state than for a π, because near threshold
π . Neglecting constants of order one, the rough estimates for kaons analogous to Eq. (6) are
Thus the Ω * c0 , which decays in an S-wave, will likely be too wide to be observable unless it lies within 1 MeV or so of threshold. By contrast, the Ω * c2 is likely to be reasonably narrow even if it is as heavy as 3100 MeV. Assuming that enough of them can be produced, this state should be a prime candidate for discovery in the Ξ c K channel.
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Isospin and strangeness are denoted respectively by I and S. The angular momentum of the π emitted in a strong decay is indicated. For simplicity, we give estimated errors on baryon masses themselves, rather than reporting the (more accurately measured) mass differences.
